Recently, a comprehensive Bayesian analysis was performed to simultaneously extract the values of a number of hydrodynamic parameters necessary for compatibility with a limited set of experimental data from the LHC. In this work, this best-fit model is tested against newly measured experimental flow results not included in the original work, namely the principal components of the two-particle correlation matrix in transverse momentum. The results from simulations show a good numerical agreement with data obtained by the CMS Collaboration.
Introduction
Relativistic heavy-ion collision (HIC) experiments have proven to be an important tool in exploring the fundamental nature of strongly interacting matter under extreme conditions. The standard picture of the processes involved in such collisions is that after a short period of time following the collision of the original nuclei, the evolution of the resulting system can be described by relativistic viscous hydrodynamics. In fact, simulations of heavy-ion collisions based on hydrodynamical evolution are able to describe several observables from experimental data with great accuracy [1] . The hydrodynamical evolution can be complemented by a subsequent simulation of hadronic cascade models in order to describe the evolution of the gas of hadrons formed after the fluid cools down and the particles hadronize. This combination is usually referred to as a hybrid model [2] .
Recently, Bernhard et al. used a hybrid model [3, 4] consisting of the TRENTo model [5] for the generation of initial conditions, the VISH2+1 code for hydrodynamical evolution, and the UrQMD transport model [6, 7] for the evolution of the hadron gas phase. Through a Bayesian analysis the authors have obtained the optimal a posteriori values for a series of parameters required by the model. In this work we utilize a similar setup and test the validity of the model with these parameters for a set of new observables not included in the original Bayesian analysis, namely results from a principal component analysis (PCA) of the two-particle correlation matrix in transverse momentum [8] .
Results
We have performed event by event simulations of collisions between Pb nuclei at energies √ s NN = 2.76 TeV and √ s NN = 5.02 TeV. A sample of one million initial conditions was generated for centrality calibration, which was based on total entropy. Because of the strong correlation between entropy and final charged particle multiplicity, this definition is essentially equivalent to what is done experimentally. The resulting entropy distribution allows us to classify the centrality of a given event.
The resulting charged particle multiplicity distribution as a function of event centrality is presented in Figure 1 . The results from simulations are compared to data from the ALICE Collaboration [9, 10] . Up to the centrality bin corresponding to 50% to 60%, simulation results agree with experimental data to 10% accuracy. The main result of this work is the first calculation of PCA of the two-particle correlation matrix in transverse momentum using a hybrid model and realistic hydrodynamical initial conditions. A subset of these results is shown in Figure 2 (full results will be reported in a forthcoming work). 
Materials and Methods
The hybrid model for HIC simulations devised in this work is comprised of the following ingredients:
• TRENTo, a parametric wounded nucleon model for generation of initial conditions for hydrodynamics in HIC [5] ;
• MUSIC, an Eulerian 3D+1 relativistic second-order viscous hydrodynamics code for event by event HIC simulations [12, 13] ; • UrQMD, a transport model for the evolution of the hadron gas [6, 7] ; Parameter values for the simulation chain were obtained from the work by Bernhard et al. [4] . We have chosen not to include in our simulation chain a period of free streaming between the initial condition generation and the beginning of the hydrodynamical evolution, i.e., we utilize the output from TRENTo as the initial distribution of entropy density for hydrodynamics. Because of that, the overall normalization constant for TRENTo had to be recalculated, which was done by matching the charged-particle multiplicity density to experimental data from the ALICE Collaboration [9, 10] . We have also developed a ROOT-based C++ class for storing the resulting final configuration of particles from each event, called HadrEx.
The Q-cumulants of the event sample are built in bins of transverse momentum following the definition by Bhalerao et al. [8] 
The pair distribution is then obtained through the formula
where the first term is the two-particle correlation matrix and the second term removes self-correlations. The principal components are calculated by diagonalizing the matrix V n∆ (p a , p b ) and identifying the results with the PCA approximation
so that
express the principal component α of the n-th harmonic of the anisotropic flow in terms of the eigenvalue α and its associated eigenvector, with the eigenvalues ordered from largest to smallest absolute value. The normalization in the second equation allows for a direct comparison with the usual measurement of the differential flow.
Discussion
The principal components of the two-particle correlation matrix are an interesting observable to study: by considering the full covariance matrix, including the off-diagonal terms correlating particles lying in different bins of transverse momentum, they contain more information about the anisotropic flow than the usual measurements of the differential flow coefficients via two-particle correlations, which only correlate particles in the same transverse momentum bin. The p T -dependent event-by-event fluctuations break factorization of the pair distribution dN pairs dp a dp b = dN dp a dN dp b
into a product of single-particle probability distributions (as expected in pure hydrodynamics simulations without event-by-event fluctuations). The subleading components of the PCA measure the size of these fluctuations [8] .
It is noteworthy that, even though these observables were not included in the original Bayesian analysis, the results from the simulations are in good agreement with experimental results from the CMS Collaboration [11] , as observed in Figure 2 , extending the validity of the hybrid model. In future work we will also present an extended analysis of further observables (such as symmetric cumulants) and extend this simulation framework to consider lower energies and small systems. 
